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3 failure within the exhuming rock mass (Handy et al., 2007) . The strength of rocks undergoing 47 dislocation-mediated deformation is a function of the stresses required to activate dislocation 48 glide on particular crystallographic slip systems, which may depend on both environmental 49 conditions (e.g. temperature, pressure, and strain rate) and other state variables (e.g.
50
composition, dislocation density and distribution) (e.g., Hobbs et al., 1972; de Bresser and 51 Spiers, 1997). However, it is challenging to determine the strength and activity of slip 52 systems during dislocation-mediated deformation in natural tectonites, and relatively few 53 techniques are available to do so. As a result, the precise controls on the transition from 54 aseismic creep to frictional failure and potentially seismogenic behaviour in natural fault 55 zones remain poorly constrained.
56
The most common approach to assess the relative activity of different slip systems in 57 natural tectonites is to interpret the slip system(s) most likely to have generated an observed 58 crystallographic preferred orientation (CPO); for example, by determining the slip system 59 inferred to have most readily rotated into orientations with high resolved shear stress (e.g., 1987). However, this approach tends to place relatively loose constraints on slip system 64 activity due to the large parameter space that needs to be searched (i.e., typically many 65 combinations of slip system strengths and deformation geometries have to be tested) and 66 challenges in comparing natural and simulated CPO geometries quantitatively.
67
Another approach is to analyse crystallographic misorientations resulting from the 
80
In this contribution, we exploit advances in EBSD (Prior et al., 1999 (Prior et al., , 2009 ; factor, the greater the resolved shear stress on the slip system). This orientation relationship is 86 typically qualitatively inferred when interpreting slip systems that contribute to CPO 87 development (e.g. Toy et al., 2008) . However, the Schmid factor not only quantifies this 88 relationship, but also allows for calculation of resolved shear stresses on each slip system, 89 and enables mapping of grains that are (un)favourably oriented for dislocation glide.
90
Relatively few geological studies have utilised detailed Schmid factor analysis. Most of these 91 focussed on stress states associated with radially-symmetric shortening or extension (e.g. slipSystem and stress tensor MTEX objects (Supplementary Material). These objects were 227 specified as the relevant slip systems for calcite and stress tensor for the natural deformation 228 as described below.
229
The Schmid factor of a slip/twin system describes the fraction of the applied stress 230 that is resolved onto a particular slip/twin plane in the slip/twin direction, and can be 
where ϕ and λ are the angles between the maximum principal stress direction and the (2)
The maximum fraction of the differential stress (σ diff ) that can be resolved onto a slip/twin that deformation was dominantly simple shear, we apply the approach of Michels et al.
262
(2015) to determine the macroscopic vorticity axis from crystallographic orientation data. 
Assuming macroscopic simple shear deformation within the Pangong strand, and defining
gives 
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( Table 2) .
316 Table 2 Summary of slip system information for EM1 
324
An important caveat to the analysis described here is that the stress state would need 
Results

355
The measured CPO is consistent with the inference of simple shear deformation. 413 
upper-left of the map of Schmid factor for {e}-twinning indicates an example of changes in
412
Schmid factor across twin boundaries. The black arrow in the upper-left of the map of
Schmid factor for {r}-slip indicates an example of changes in Schmid factor across a
414 subgrain boundary.
415
The apparent proportions of grains that can deform by each slip/twin system vary 416 across the temperature and stress ranges within which deformation is inferred to have taken 
474
We also note that EM1 is located close to the boundary between the mylonitic and 
565
(1997) to suggest that strain hardening on the first slip system to activate (i.e., {r}-slip) could 566 lead to a strain-induced transition to a different dominant slip system (e.g., {f}-slip). densities was able to deform by dislocation glide, whereas finer-grained mylonitic matrix 589 exhibited high densities of tangled dislocations and was interpreted to have strain-hardened.
590
We suggest therefore that the transition from dislocation-mediated flow to frictional failure 591 was promoted by work hardening due to low efficiency of recovery processes, particularly 592 slow climb into grain boundaries, rather than simply the temperature-dependency of critical considerations must be applied to other common rock-forming minerals.
649
More generally, Schmid factor analysis can require a range of assumptions, depending 650 on the application, which must be critically evaluated. In the present work we are concerned 651 with why dislocation activity ceased at the time that the preserved mylonitic microstructure 652 was formed. In this respect, Schmid factor analysis is highly appropriate because it constrains 653 which slip systems were well aligned for dislocation glide during a hypothetical future 654 increment of dislocation-mediated strain. However, a common objective of other rock 655 deformation studies is to interpret how an observed microstructure formed in the first place.
656
Schmid factors calculated for specific points/grains in a mapped microstructure will generally 657 not equal those present during prior deformation that lead to formation of the observed 658 microstructure due to microstructural evolution (e.g., grain rotation, grain boundary • Novel Schmid factor analysis constrains calcite slip system activity and hardening
• Work hardening caused the transition from dislocation creep to frictional failure
• Depth limit of earthquakes in carbonate faults may be strain-dependent
